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What is claimed is: • 

1. A walec soluble and positively charged biodeigjadabte 
poiyphosphoiainidate Hat is capable of fonnmg a complex witb negatively charged 
Moactive macroniolecules in aqueous soiulions and comprises the recurring monomeric 
unit ^wn in Fonnnl^ I, 

FdRMULAI 
viierem 

Ri is a divalent aliphatic organic moiety; 

R2 and Ra are each independently selected from 4c group consisting of 
hydrogen, alkyU or hcteroalicyclxc gronps; 

each non-hydiogen occurreace of Ra and Ra 15 substituted with one or more 
positively charged groups; and 

n is from 20 to 2,000. 

2. A positively charged biodegradable polyphosphoramidate of claim 1, 
wherein the biodegradable polyphosphoramidate has between about 20 and about 2,000 
phosphoramidate groi^ss. 

3; A positiveiy charged biodegradable polyphosphoramidatc of claim 1, 
wherein non-hydxogcn occurrences R2 and R3 are substituted with one or more charged 
groups selected from the g^np consisting of primary amine, secondary amine, tcrdary 
amine, quaternary amine or imidazoyL 

4. A poritively charged biodegradable polyphosphoramidate of claim 1, 
wiierein one or more of R^ Rj or R3 is substituted with one.or more groups citable of 
facilitating intrHoellular delivery of a negatively charged bioactivc macromolecules, 
selected from the group consisting of lysosomalytic agoot. an amphiphiUc peptide, or a 
steroid derivative. 
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5. Aposttivdydiargedbiodegisuiablepolyphosphorattad^^ 

bioactive macromolecules is a cholesteryl gnn^. 

6. A positively chaigc^ biodegradable polyphosphojamidate of claSm Ip 
herein Ri is defined in Fonnulally * 




FORMULAn 
wherein . 

each.oceurreDce of R3 and R4 are indcpcndenlly selected fix)ia ttie grQup 
consisting of hydrogen or alkyl group; and 
q is 2 to 4. 

7. A positively charged biodegradable polyphosphorainidate composition 
formed by complexation in aqueous soludons comprising: 

(a) at least ope negatively charged bioactivc niacroinoleciile; and 

(b) a water soluble and positively chaxged biodegradable - 

polyphosphoFamidate of claim 1. 

8. A positively charged biodegradable polyphosphoiaanidatc coccposition 
of claim 7, wherein the oegatively charged bioactiYe miacromQlecides are selected fron> 
the group consisting of DNA, RNA, proteins^ and polysaccharides, 

9. A positively charged biodegradable polyphosphotamidate composition 
of any one of claims 7 and 8, wherein the biodegradable polyphosphoraniidate is 
capable of con^jlexing 20-60% by weight of the negatively charged 
biomacromolecnies, 

10. A method of preparing a water soluble and positively chargeable 
biodegradable polyphosphoramidaie of Formula I, comprising the steps of: 

(a), reacting a precursor polymer with rccuiring unit shown in Formula HI, 
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FORMULA III 



Ri is a divalc^pt alipliatic orgatuc moiety; 

with a primaiy ot secondary amine having a structure of HNR2R3> wherein each 
occurrence of Ra and R3 are selected from the groiq) consisting oF hydrogen or 
positively charged alk^ or heteroalicyclio containing protected primary amine^ 
protected secondary amiiw5, teitiary anme, and qu^ 

(b)* deprotecting Ae protected amino gtoi^s, if applicable. 

• i 1 . A method of preparing a positively charged biodegradable 
polyphosphoramidate of claim 10, wherein the biodegtsadable polyphosphoramidatc has 
between about 20 and about 200 phosphoramidate groups. 

12. A method of preparing a positively chaErged biodegradable 
polyphosphoranridate composition of claim 7, comprising flic steps of: 

mixing an aqueous solution of Ac positively charged biodegradable polymer of 
Fonnula I with concentraddns rmgine from 1 ]xg/ml to 500 ^ig/ml^ 

with an aqueous solution of one or more biological active macromoleculcs, 
wiiich is able to complex with polymer of Fonmila L 

13. . A method ofpTCparing a positively charged biodegradable 
polyphosphoramidate compbsikon of claim 12> wbetein the negatively charged or 
bioactive macromoleculcs are selected from the group consisting of DNA, RNA, 
proteins, and polysaccharides. 

14. A method of preparing a positively charged biodegradable 
polyphosphoramidate composition of claim 12 or 13. v.herein the biodegradable* 
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polyi*iosi*ion«mdate 5s cs5»ble of compl«di« 

* ■ 

charged U<>actikemBdromoleciiIes. . 

■ 15. AmethodofpieparingapositivdydbaigedUodeBiadabk 
poIyphbspKoiamiiialc composMon of daim 12 o% 13, v^haeinthe l)iodcgradable 
pol,phosplioramidktclmbetweenabout20aiidabout200pl«^^ • 

16. A method for controlled idcase of -a broacfiveinacM^^ 

coinpiisiBg die stops of: 

providing a positively charged biodegradable polyphospboiamidateco^ • 

of claim 7, and 

coiilacting the composition in vivo or in vito 
tissue under conditions conducive to the delivery of at leasta portion of the biologically . 
active substance to the biological fluid, ieU or tisstie so that the biologically actiw 

substance is released in a controlled manner. 

17. A method ^f claim 16, -wAerein the bioacLive macromolediile is released 
in-vivo. 

.18. A mctiiod of claun 16, ^wherein the bioactive macromoleatfe is released 
in-vilip. 

• 19. A method of claim 16, V*creinfliebioacfivemacTomolccul6 is released 
extxacelliilaily. 

20. Amethodof claim 16, herein the bioactive macromolecule is released 
intiacellularly. 

21. A method of claim 16, M^erein the bioactive macroinolccule(s) arc 
selected from the group consisting of DNA RNA. proteins, and polysaccharides. 

22. A method of claim 16, >vherein the biodegradable polymer is capable pf 
. complexing 20-60% by weight of the negatively charged bioactive macromoleculc. 
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23. Amothodof claim 16, wberein4ebiode^cadabIe^p^^ 
about 20 and about 200 phosphate groups. 

• . 24. A mefliod of daim 16, wherein flic bioactive macronwlccule is a growth 
&ctor. ■ 

25. A mefliod of daim 16, v*ereinli»ebloactiv6macron^^ * 
Ironi the group consisting of DNA sequences, genes, gene fiia^ 

Vaccines, ihei^ufic agents, cyt»!dnes,immunoa<Suvants, cancer thenq^ 

proteins, and oonabinations ttiraeof. 

26. A method ofdaim 25", vAerdnthoDNA sequence gene or gene 
jgagijieat is adininistcred in c'oDnection with grae tberapy. 

27. A method of any one of claims 17 through 26 ^eicm the positively • 
chaa-ged biodegradable polyphospbpramidate composition, including con^lexes or 

nanoparticles is delivered in vivo. ' 



BEST AVAILABLE COPY 

-34- 
AMENDED SHEET 



